Introduction
============

Traumatic spinal cord injury (TSCI) is a common injury with a worldwide prevalence of approximately 750 per million and the annual incidence appears to be rising. [@JR_1] About 8% of trauma patients sustain spinal fracture [@JR_2] with 22% of patients with spinal column injury suffering spinal cord injury (SCI). [@JR_2] [@JR_3] TSCI is one of the most devastating injuries encountered in trauma care worldwide. [@JR_4] [@JR_5] Motor vehicular accidents and falls account for majority of the cases. [@JR_2] [@JR_3] Most victims are young men in their productive age group. TSCI leads to enormous economic, psychological, and social burden to the individual and the society. [@JR_4] [@JR_5] Survival and functional outcome following TSCI depends on the severity of the primary injury and the magnitude of secondary injuries that develops subsequently. Secondary injury to the traumatized cord is best prevented or minimized by adequate prehospital care, specialized acute treatment, and comprehensive rehabilitation facilitated by proper funding and health insurance. [@JR_6] [@JR_7] [@JR_8] Early access to specialized care after acute TSCI is associated with improved outcomes. [@JR_9] [@JR_10] Patients who are admitted to specialist spinal care units within 24 hours of injury had fewer secondary complications. [@JR_9] [@JR_11] Early admission into a specialized spinal care unit has also been found to lead to decreased in-hospital rehabilitation time compared with initial admission to a level 1 trauma care without specialist SCI expertise. [@JR_11] However, factors such as older age stops at intermediate health centers, comorbidity, cervical level of injury, and fall-related SCI are associated with delay in definitive care. [@JR_10]

It is estimated that 3 to 25% of SCIs occur after the initial traumatic insult, either during transit to health care facility or early in the course of management. [@JR_12] While approximately 90% of patients with acute TSCI were reported to have been appropriately managed with improved outcome using established guidelines, but the situation is different in most resource-constrained countries like ours. In Nigeria, there is lack of organized prehospital care and coordinated evacuation of trauma patients from scene of injury, hence victims are often transported to health facilities by relatives or bystanders, [@JR_13] [@JR_14] and there is virtually nonexistent of specialist SCI centers in the country.

This study was performed to determine the clinical profile of patients with TSCI and to highlight the factors that determine early outcome in a resource-constrained trauma center.

Materials and Methods
=====================

This study was a retrospective review of trauma registry, and medical records of all the patients with acute TSCI managed at the National Trauma Center Abuja from September 2014 to December 2016. Patients with clinical suspicion of traumatic spine injury without a radiological or clinical confirmation of SCI were excluded. Information retrieved includes patients\' biodata, mechanism of injury, evacuation from scene of injury, prehospital care, injury-arrival time, mode of presentation to trauma center, level of spinal cord involved, in-hospital treatment, and outcome of care. The severity of injury was categorized with the American Spinal Injury Association (ASIA) Impairment Scale at admission and at time of death or discharge from the hospital. Statistical Package for Social Sciences (IBM SPSS Statistics) 20.0 (SPSS Inc., Chicago, Illinois, United States) was used for data analysis. A descriptive analysis was performed, and categorical variables were presented as absolute numbers and proportions, while continuous variables were presented as mean and standard deviations and proportions for categorical variables. Chi-square test or Fisher\'s exact test where applicable were used, and a *p* -value of ≥ 0.05 was considered statistically significant.

Results
=======

A total of 133 patients, comprising 109 (82%) male and 24 (18%) females, with TSCI were studied. Most of the patients (63.1%) were young adults (age: 20-39 years) with a mean age of 36.0 ± 12.9 years ( [Table 1](#TB_1){ref-type="table"} ). Most injuries (83, 62.4%) involved the cervical spinal cord followed by the thoracic segment ( [Fig. 1](#FI33600018-1){ref-type="fig"} ). Motor vehicular crash (MVC) was the most common cause of injury (96, 72.2%) and results in 81.9% of cervical and 65.6% of thoracic cord injuries. This is followed by falls from height (19, 14.3%). Falling objects caused more of thoracolumbar injuries (40%).
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About half of the injuries (66, 49.6%) occurred outside the federal capital territory. None of the patients had a standard prehospital treatment and 66.2% presented to the hospital within 24 hours. The mean injury-arrival time was 45.0 ± 85.4 hours ( [Fig. 2](#FI33600018-2){ref-type="fig"} ). Half of the patients (67, 50.4%) were transported from scene of injury to the hospital in private cars or public transportation ( [Table 1](#TB_1){ref-type="table"} ).
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###### Patients and injury characteristics

  Age-sex distribution                                                                                                                                
  ----------------------------------------------------------------------------- ----------------------- ------------------- ------------- ----------- -----------
  \<20                                                                          8 (7.3)                 1 (4.2)             9 (6.8)                   
  20--29                                                                        27 (24.8)               8 (33.3)            35 (26.3)                 
  30--39                                                                        42 (38.5)               7 (29.2)            49 (36.8)                 
  40--49                                                                        15 (13.8)               2 (8.3)             17 (12.8)                 
  50--59                                                                        12 (11.0)               4 (16.7)            16 (12.0)                 
  \> 60                                                                         5 (4.6)                 2 (8.3)             7 (5.3)                   
  Total                                                                         109 (100.0)             24 (100.0)          133 (100.0)               
  Relationship between the mechanism of injury and spinal cord segment injury                                                                         
  Mechanism of injury                                                           Spine segment injured                                                 
  Cervical (%)                                                                  Thoracic (%)            Thoracolumbar (%)   Lumbar (%)    Total (%)   
  MVC                                                                           68 (81.9)               21 (65.6)           4 (40.0)      3 (37.5)    96 (72.2)
  Falls                                                                         12 (14.5)               4 (12.5)            2 (20.0)      1 (12.5)    19 (14.3)
  Gunshot                                                                       0 (0.0)                 2 (6.2)             0 (0.0)       1 (12.5)    3 (2.3)
  Stab                                                                          1 (1.2)                 0 (0.0)             0 (0.0)       0 (0.0)     1 (0.8)
  Falling object                                                                2 (2.4)                 5 (15.6)            4 (40.0)      3 (37.5)    14 (10.5)
  Total                                                                         83 (100.0)              32 (100.0)          10 (100.0)    8 (100.0)   133 (100)
  p-Value                                                                       \< 0.001 ^a^                                                          
  Distribution of injury demographics                                                                                                                 
  Parameters                                                                    Frequency (%)                                                         
  Mechanism of injury                                                                                                                                 
  MVC                                                                           96 (72.2)                                                             
  Falls                                                                         19 (14.3)                                                             
  Gunshot                                                                       3 (2.3)                                                               
  Stab                                                                          1 (0.8)                                                               
  Falling object                                                                14 (10.5)                                                             
  **Place of injury**                                                                                                                                 
  Abuja                                                                         35 (26.3)                                                             
  FCT                                                                           32 (24.1)                                                             
  Outside FCT                                                                   66 (49.6)                                                             
  **Transportation mode**                                                                                                                             
  Ambulance                                                                     55 (41.4)                                                             
  Public transport                                                              10 (7.5)                                                              
  Private transport                                                             57 (42.9)                                                             
  FRSC/police/NEMA                                                              11 (8.3)                                                              
  Total                                                                         133 (100.0)                                                           

SCI was complete (ASIA A) in 70 (52.6%) patients and 26 (19.5%) patients were neurologically intact (ASIA E) at admission ( [Table 1](#TB_1){ref-type="table"} ). About 90% (63 patients) of the patients with ASIA A injury at admission remained neurologically the same at discharge. Only 4 (5.7%) of them improved to ASIA B. Two (13.3%) and four (44.4%) of the patients with ASIA C and D, respectively, improved to ASIA E. The relationship between ASIA grade at admission and discharge was statistically significant (p \< 0.001) ( [Table 2](#TB_2){ref-type="table"} ).

###### Multivariate table showing determinants of outcomes

  Determinant of ASIA at discharge                                                                                                                                                                                 
  ------------------------------------ ---------------------------- ---------------------------- ------------------------------ ----------------------------- ------------------------- ----------- -------------- --------------
  A                                    63 (100)                     4 (44.4)                     2 (14.3)                       1 (6.2)                       0                         70 (52.6)   \< 0.001 ^a^   
  B                                    0                            4 (44.4)                     6 (42.9)                       3 (18.8)                      0                         13 (9.8)                   
  C                                    0                            0                            6 (42.9)                       7 (43.8)                      2 (6.5)                   15 (11.3)                  
  D                                    0                            0                            0                              5 (31.2)                      4 (12.9)                  9 (6.8)                    
  E                                    0                            1 (11.1)                     0                              0                             25 (80.6)                 26 (19.5)                  
  **Dbidity**                                                                                                                                                                                                      
                                       **Morbidity**                **Total (n = 123), n (%)**   **p-Value**                                                                                                       
  **Pressure ulcer (n = 31), n (%)**   **PE/DVT (n = 2), n (%)**    **Sepsis (n = 1), n (%)**    **Depression (n = 10),n(%)**   **Multiple (n = 7), n (%)**   **Nil (n = 81), n (%)**                              
  **ASIA at admission**                                                                                                                                                                                            
  A                                    27 (87.1)                    1 (50.0)                     1 (100)                        0                             6 (85.7)                  27 (33.3)   62 (50.4)      \< 0.001 ^a^
  B                                    3 (9.7)                      1 (50.0)                     0                              0                             1 (14.3)                  8 (9.9)     13 (10.6)      
  C                                    1 (3.2)                      0                            0                              1 (100)                       0                         13 (16.0)   15 (12.2)      
  D                                    0                            0                            0                              0                             0                         9 (11.1)    9 (7.3)        
  E                                    0                            0                            0                              0                             0                         24 (29.6)   24 (19.5)      
  **Treatment options**                                                                                                                                                                                            
  Operative                            12 (38.7)                    0                            1 (0)                          0                             5 (71.4)                  26 (32.1)   44 (35.8)      0.003 ^a^
  To be operative                      12 (38.7)                    0                            0                              0                             1 (14.3)                  11 (13.6)   24 (19.5)      
  Nonoperative                         7 (22.6)                     2 (100)                      0                              1 (100)                       1 (14.3)                  44 (54.3)   55 (44.7)      
  **Determinants of mortality**        **Mortality**                **Total (n = 123), n (%)**   **p-Value**                                                                                                       
  **Death (n = 13), n (%)**            **Alive (n = 110), n (%)**                                                                                                                                                  
  **Treatment options**                                                                                                                                                                                            
  Operative                            3 (23.1)                                                                                 41 (37.3)                                                           44 (35.8)      0.01a
  To be operative                      7 (53.8)                                                                                 17 (15.5)                                                           24 (19.5)      
  Nonoperative                         3 (23.1)                                                                                 52 (47.3)                                                           55 (44.7)      
  ASIA at admission                                                                                                                                                                                                
  A                                    12 (92.3)                                                                                50 (45.5)                                                           62 (50.4)      0.03 ^a^
  B                                    1 (7.7)                                                                                  12 (10.9)                                                           13 (10.6)      
  C                                    0                                                                                        15 (13.6)                                                           15 (12.2)      
  D                                    0                                                                                        9 (8.2)                                                             9 (7.3)        
  E                                    0                                                                                        24 (21.8)                                                           24 (19.5)      
  Total                                13 (10.6)                                                                                110 (89.4)                                                          123 (100)      

Only 44 (59.5%) of the patients needed operative intervention and had their surgery done. Surgical intervention was delayed beyond 24 hours of injury in nearly all (40, 90.9%) the patients operated. The average time interval before surgical intervention was 2 weeks after presentation. The main reason for delayed or nonsurgical intervention was financial constraints (55, 74.3%) on the part of the patients to pay for such services. Other less common causes of delay in the surgical intervention were delay in performing a radiological imaging (5.4%) and lack of theater space (4.1%). Ten (7.5%) patients left the hospital against medical advice before any definitive treatment.

About one-third (42, 31.6%) of the patients developed complications, out of which pressure ulcer was the most common 31 (2.3%) ( [Table 3](#TB_3){ref-type="table"} ). The ASIA score at admission and treatment options were found to be the strongest determinants of neurological outcome at discharge. All patients with ASIA A (100%) and 88% of patients with ASIA B score at admission were neurologically nonfunctional at discharge ( [Table 2](#TB_2){ref-type="table"} ). Most of the morbidities (pressure ulcer 96.8%, deep vein thrombosis/pulmonary embolism 100%, multiple morbidity 100%) were seen in patients with ASIA A and B and none in patients with ASIA D and E. More than two-thirds (77.4%) of the patients that had delayed surgery or that were supposed to have been operated developed complications ( [Table 2](#TB_2){ref-type="table"} ). Mortality was seen exclusively in patients with ASIA A and B, majority of whom (53.8%) could not have surgical intervention due to lack of funds to finance their surgery.

###### Distribution of treatment options, challenges of care, and morbidity

  Distribution of treatment options and challenges of care   Frequency (%)
  ---------------------------------------------------------- ---------------
  Operative                                                  44 (33.1)
  Nonoperative                                               59 (44.4)
  To be operated                                             30 (22.6)
  Total                                                      133 (100)
  Time interval to surgical intervention (h)                 
  \< 24                                                      4 (9.1)
  \> 24                                                      40 (90.9)
  Total                                                      44 (100)
  Reason for delayed/nonsurgical intervention                
  Lack of finances                                           55 (74.3)
  Lack of implant                                            1 (1.4)
  Lack of theater space                                      3 (4.1)
  Complication/other injuries                                3 (4.1)
  LAMA                                                       8 (10.3)
  Delay in imaging                                           4 (5.4)
  Total                                                      74 (100)
  Distribution of morbidity                                  
  Pressure ulcer                                             31 (23.3)
  PE/DVT                                                     2 (1.5)
  Sepsis                                                     1 (0.8)
  Depression                                                 1 (0.8)
  Multiple morbidity                                         7 (5.3)
  Nil morbidity                                              81 (60.9)
  LAMA                                                       10 (7.5)
  Total                                                      133 (100)

Discussion
==========

This study showed that TSCI predominantly affects young men between the ages of 20 and 39 years following MVCs. This finding is similar to reports on SCI from other parts of Nigeria [@JR_3] [@JR_15] [@JR_16] [@JR_17] [@JR_18] [@JR_19] [@JR_20] [@JR_21] and it reflects the global trend in the epidemiology of TSCI. [@JR_22] [@JR_23] [@JR_24]

Our study showed a persistent lack of prehospital care system in the management of trauma patients in Nigeria as previously reported. [@JR_13] [@JR_14] However, a higher percentage, 41.5%, of the patients were transported in an ambulance to our facility apparently had an improvement over the 6 and 5.4% reported from other centers in Nigeria. [@JR_13] [@JR_14] This may be a reflection of improved ambulance services in the country in recent time or because 89.5% of our patients were referred from other hospitals and not come directly from the scene of injury. About 66.2% of the patients presented to the hospital within 24 hours of injury. The mean injury arrival time was 45.0 ± 85.4 hours. Majority (60%) of our patients that needed surgical intervention was not operated mainly because they could not pay for the service and surgical intervention was delayed beyond 24 hours in 90% of patients who were operated. In our practice, most of our patients pay out of pocket for health care due to lack of adequate universal health insurance. The fact that majority of our patients were initially admitted to an intermediate health facility and had delayed intervention in our facility was substrate for poor outcome. Contrary to our findings, Wilson et al reported 83% of patients presenting directly to site of definitive care after injury while 90% of patients with TSCI in Australia were appropriately managed using established guidelines. [@JR_9] [@JR_11] Patients who arrived at site of definitive care within 24 hours had significantly fewer secondary complications. [@JR_9] This presupposes that other hindrances to care like finance and institutional limitations as experienced in our practice were not present. Adequate prehospital care and prompt transfer to a specialist SCI unit has been associated with improved neurological outcome. [@JR_9]

The cervical spinal cord segment was the most common segment injured, with the lumbar spine being the least injured segment. This finding is in keeping with publications from other authors. [@JR_15] [@JR_16] [@JR_24] [@JR_25] Few studies, however, reported lumbar spine injury as the more common spine segment affected. [@JR_16] [@JR_18] [@JR_26] [@JR_27] These later studies probably focus more on spine fractures as against SCI. Only 22% of patients with spinal injury suffer SCI. [@JR_2] [@JR_3] Our study excluded patients without SCI.

Most of the cervical cord injuries were caused by MVC and falls, while falling objects was the most common mechanism of injury to the thoracic and lumbar spine. This finding was statistically significant. No study was found to have shown this association, although the study by Obalum et al and Solagberu showed a significant correlation between segment of spinal injury and mortality. [@JR_16] [@JR_24]

In agreement with previous reports, only patients with incomplete SCIs showed significant neurological improvement. [@JR_16] [@JR_28] [@JR_29] [@JR_30] This supports the theory that complete SCI is a severe form of injury with poor prognosis for recovery. [@JR_31]

The morbidity (29.0%) and inpatient mortality (9.2%) observed in this study was lower than that reported previously in different regions of Nigeria. In the north-central region of Nigeria, mortality was 25.6%, in the south-western region morbidity was 48.3% and mortality was 11.8%, and other regions reported morbidity between 40 and 58.1% and mortality of 17.5 to 28.3%. [@JR_13] [@JR_15] [@JR_16] [@JR_19] [@JR_30] Although our mortality rate is comparable with mortality of 10% reported in Botswana, it is still far above 5.8% reported among patients treated in an institution with specialist SCI unit. [@JR_4] [@JR_10] The reduced morbidity and mortality seen in our study compared with that seen in other regions in our country may be attributed to improved care occasioned by the availability of a dedicated trauma facility and care in our institution. A decreasing mortality rate despite the same injury severity score over time has been previously reported. These improved outcomes were attributed to wider availability of specialized trauma centers, coordinated multidisciplinary care, and general improvement in trauma care. [@JR_2] [@JR_10] [@JR_11]

This study also showed that morbidity and mortality was higher in patients with complete or severe form of SCI as well as in patients who could not afford or had a delay in surgical treatment. Löfvenmark et al found that complete SCI was a strong dbidity, similarly Aarabi et al found that motor score of \< 25 and ASIA A injury were strong predictors of morbidity which is also in keeping with the finding in this study. [@JR_6] [@JR_32]

The major challenge mitigating against optimal care of these patients in our institution is the near absence of health insurance coverage necessitating out of pocket payment for health care services. Majority of our patients (74.3%) could not pay for their care in the immediate period after the presentation in the hospital resulting in delay in surgical intervention. It has been reported that insurance coverage improves health care utilization and posttreatment outcome. [@JR_33]

Conclusion
==========

Acute TSCI is common in our practice affecting young adults, mainly due to MVC and falls and commonly involving the cervical spinal cord. The severity of injury and appropriateness of intervention were strong determinants of morbidity and mortality. Lack of prehospital care and financial constraint on the side of the patients constitute major challenges to ultimate care in our practice.
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